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ABSTRACT 

We present very early UV to optical photometric and spectroscopic observa- 
tions of the pecuhar Type Iln supernova (SN) 2011ht in UGC 5460. The UV 
observations of the rise to peak are only the second ever recorded for a Type Iln 
SN and are by far the most complete. The SN, first classified as a SN impostor, 
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slowly rose to a peak of My ~ —17 in ~55 days. In contrast to the ~2 magnitude 
increase in the f-band light curve from the first observation until peak, the UV 
flux increased by >7 magnitudes. The optical spectra are dominated by strong, 
Balmer emission with narrow peaks (FWHM~600kms~^), very broad asym- 
metric wings (FWHM~4200kms-^), and blue shifted absorption (~300kms-^) 
superposed on a strong blue continuum. The UV spectra are dominated by Fe II, 
Mg II, Si II, and Si III absorption lines broadened by ~1500kms~^. Merged X- 
ray observations reveal a = (1-0 i 0.2) x lO^^ergs"^. Some properties of 

SN 201 Iht are similar to SN impostors, while others are comparable to Type Iln 
SNe. Early spectra showed features typical of luminous blue variables at maxi- 
mum and during giant eruptions. However, the broad emission profiles coupled 
with the strong UV flux have not been observed in previous SN impostors. The 
absolute magnitude and energetics (~ 2.5 x 10^^ ergs in the first 112 days) are 
reminiscent of normal Type Iln SN, but the spectra are of a dense wind. We 
suggest that the mechanism for creating this unusual profile could be a shock 
interacting with a shell of material that was ejected a year before the discovery 
of the SN. 

Subject headings: supernovae: individual (SN 201 Iht) 



1. Introduction 



Type Iln supernovae (SNe Iln), a designation first proposed by lSchlegell (Il990l ). are char- 
acterize d by spectra with a n arrow Ha emission line superimposed on a bro ad emission com- 



pone nt (jChandra et al.ll2009l ) that lacks a broad P-Cygni absorption feature (jPastorello et al. 
2OO2I ) . Most SNe Iln are core collapse e vents that are due to shock interaction of the 



eject a with the circurnstella r material (CSM; IChugailll990l : iPastorello et al.ll2002l : ISmith et al. 



20081 : IChandra et al.l |2009| ) , although some thermonuclear explosions a re thought to deto- 



nate in a hydrogen-rich environment pro ducing SNe Iln-like events (cf . iHamuy et al.l 12003 



Pastorello et al. 



2OO5I : iPrieto et al.l 120071 ). As the shock interacts and heats the dense CSM, 



there is a rapid increase in the production of UV photons. 



SNe Iln are a very heterogeneous group (e.g. IChandra et al.l l2009l : lOfek et al.l 12010 
Kiewe et al.ll2010l ) ranging from the most luminous SNe (e.g. SN 2006gy with M y ~ — 22 
and SN 2008am with Mr ~ -22.3; ISmith et al. l l2007l : Ichatzopoulos etaPboilh to some 
of the f ainter (e.g. SNe 1 9 97bs and 2008S w ith My ~ -13 and Mr ~ -13.9, respec- 



tively; IVan Dyk et al.ll2000l : ISmith et al.ll2009l). The nature of the fainter o bjects, such as 
SNe 1997bs and 2008S, is unclear JVan Dvk et all I2OO0I : ISmith et al. l l2009h . Many argue 
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that they are non-terminal outbursts as opposed to core collapse objects (e.g. ISmith et al. 
20091 ) and have been designated "supernova impostors" (I Van Dyk et al.l |2000[ ) . The great 
eruption of 1] Car is frequently cited as a Galactic analogue. However, this may be misleading 
since the great eruption of r] Car was an unusual event and n one of the extragalactic impos- 
tors resemble it in terras of k inetic energy and duration (see ISmith et al.ll2011bl : iKochanek 
2011ai iKochanek et al.l 120121 ). Although some impostors are clearly non-terminal events 
(e.g . T] Car, P-Cygni, SN 2000ch), it is not cl e ar that this is the case f or all fainter outb ursts 



(cf. IPrieto et al.l 120081 : iBotticella et al.l 12009 : iThompson et al.l l2009l : IKochanek! l2011bl but 



see Humphreys et al.2011). For the brighter SNe Iln, there is mounting evidence that the 
progenitor is a massive, luminous star that retains its hydrogen- shell until shortly before 
explo sion and that the terminal mass loss event is strongly corr elated with the death of the 
star deal- Yam et aPboOTt ISmith et alJboilbi iKochaneklBoilal ). 



With the emergence of dedicated supernovae (SNe) follow-up programs and telescopes 



(e.g. 


FiliDDenko et al. 


2001: Bloom et al. 2006: Hamuv et al. : 


2006: Ouimbv 


2006 


Drake et al. 


2009 


Law et al. 


2009 




Rau et al. 


2009). SNe Iln are now being studied more freauen 


;ly in 


both the optical and near-IR (e.g. 


Pastorello et al. 2002 


: Prieto et al. 2008: 


Smith et al. 


2008, 


2OO9I: brake et al 


. 2010 


Kiewe et al.ii2010i: ISmith et al. 


2010a 


: Drake et al. 


2011; 


Smith et al. 



even though the UV is a promising probe of these interesting objects. Unlike other classes 
of SNe, SNe Iln are very bright in the U V and can be found in z > 2 opti cal surveys while 



(Panagia 


2003; 


Cooke et al. 


2009) 



brightness an d long-lived emission also aid in spectroscopically confirming such distant SNe 



( ICookd I2OO8I ). Since they are associated with massive stars and because of their intrinsic 



UV brightness, SNe Iln are potentially strong probe s of star formation and galaxy evolution 



out to relatively large redshifts {z > 2; ICookell2008l ). 



Previo us to 2005, ori ly three SNe Iln had been observed in the UV (SNe 1988Z, 1994Y, 
and 1998S; Brown 2009), and only a handful sinc^. However, none of these SNe were 
observed early enough to detect the rise in the UV light curve (despite the rapid follow-up 
after discovery in the case of Swift UVOT observed SNe Iln). Recently, th e SN Iln PTF09u j 
was caught on the rise (~1.8mag in ~4days based on two UV detections; lOfek et al.ll2010l ). 
This rapid UV rise was attributed to the supernova (SN) shock breaking through a dense 
CSM. 

In this paper, we describe SN 2011ht, where the rise in the UV was captured in far 
greater detail, with over 10 UV observations before peak. Unlike PTF09uj, the rise to peak 



^see http://swift.gsfc.nasa.gov/docs/swift/sne/swift^n.html 
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for SN 2011ht was large (~7mag) and slow (~40days). In Section 2, we present the UV 
to optical photometric and spectroscopic observations, X-ray observations, pre-explosion 
images, and the host galaxy properties. In Section 3, we review the UV/optical light curves, 
blackbody fits, and spectral properties. In Section 4, we discuss our results including a 
comparison to other SN impostors and SNe Iln, as well as model interpretations. In Section 
5, we summarize our conclusions. 



2. Observations 



2.1. Discovery 



SN 2011ht (Figure [U was discovered on 2011-09-29.182 (UT; JD 2455833.682) in the 
nearby galaxy {z = 0.0036 ] UGC 5460 at (J 2000) R.A. = 10''08'"10^58, Dec. = +51°50'57^'5 
with a magnitude of 16.9 (IBoles et al.ll201ll ). An ALFOSC spectrum taken with the Nordic 



Optical Telescope on 2011-09-30.22 suggested t hat the object was a "SN imp ostor" with 



properties similar to the "giant erup tion" fsee iHumphrevs fc Davidson! 119941 ) of the lu 



minous blue variable UGC 2773-OT (IPastorello et al.l 120111). The object was designated 
PSN J10081059+5150570. On 2011-10-18. iRoming et al. l J201lh reported UV {uvw2, uvm2, 
and uvwl), u, b, and v-band brightenings of ~4, ~3, ~1.5 and ~1.5 magnitudes, respec- 
tively. The transient also brightened another 0.4 mag between 2011-1 0-22 and 2011-10-29, t o 
V ~ 14.7. At a distance of 19.2 Mpc for the host galaxy UGC 5460 f lPastorello et al.lboilj ). 
this corresponds to an absolute magnitude of My ~ —17 t hat is typical of a co re- collapse 
SN (ILi et al.ll201ll ). Based in part on this high luminosity, iPrieto et al.l (l2011al ) suggested 
that PSN J10081059-I-5150570 was a SNe Iln rather than an impostor. Spectroscopic ob- 
servations on 2011-1 1-11.5 revealed that the emission profiles were similar to some SNe Iln 
JPrieto et allboilbh . 



2.2. Photometric Data 



Photometric observations we re obtained with the Sw i ft (jCehrels et al.l |200J) Ultra- 
Violet/OpticalTelescope fUVOT: [toiing et all [2OO5I . booi |200o|) and theAll Sky Auto- 
mated Survey (ASAS-SN) North telescope located on Haleakala, Hawaii. The photometric 
observations with the UVOT began on 2011-10-4.9, 5.8 days after the initial discovery. The 
observations were obtained for the three optical filt ers (ubv) and the three UV filters {uvw2, 
uvm2, uvwl: Ac = 1928, 2246, 2600 A, respectively; IPoole et al.ll2008l ) with a median cadence 
of three days. Photometry was performed using a 3" source aperture following the method 



- 6 - 



outlined in iBrown et al.l ( 120091 ) . A 20" aperture centered on a region in the galaxy with 
a similar background to SN 2011ht was used for galaxy subtraction. The data reduction 
pipeline used the HEASOFT 6.6.3 (which includes time-dependent sensitivi ty corrections) 



and S wift Release 3.3 analysis tools with updated UVOT zero-points from iBreeveld et al. 



( I2OIOI ) to calibrate the resulting photometry (Table [T]). The UVOT light curves and the cor- 
responding color evolution are shown in Figure[2l We note that there is a -1-0.076 {a = 0.052), 
+0.010 (or = 0.049), and 0.068 (a = 0.027) magnitud e (3^ confidence lim it) offset between 
the UVOT and SDSS u, b, and v filters, respectively (IRoming et al.l 120091 ). 



We also obtained l^-band photometric observations (Figure [2]) of SN 2011ht using the 
commissioning data from the recently installed, 2 x 14-cm diameter ASAS-SN telescope. We 
used ASAS-SN Unitl, equipped with a FLI ProLine CCD camera with Fairchild Imaging 2kx 
2k thinned CCD, giving a 4.47 x 4.47 square-degree field-of-view, corresponding to 7.8"/pixel 
image scale. Because such a large image scale leads to a significant flux contamination by 
the host galaxy, we estimated the amount of contamination using the Swift satellite data 
and used this to set the baseline of the ASAS-SN photometry. 



2.3. Spectroscopic Data 



Spectroscopic observations were obtained with the Hobby Eberly Telescope (HET; 
Ramsev et al1ll998[ ) Low Resolution Spectrograph fLRSi lmU et aDll998l ). Swift UVOT UV 
grism (uvg), Astrophysical Research Consortium (ARC) telescope Dual Imaging Spectro- 
graph (DI S), and Large Bino cular Telescope (LBT) Multi-Object Double Spectrograph #1 
(MODSl; iPogge et al.l 120101 ). Dates and exposure times for each of the instruments are 
provided in Table [2] and the corresponding spectra are shown in Figure |31 

The HET spectra were obtained on 2011-11-01, 2011-11-16, and 2011-12-21. The 
HET/LRS was used with a 2" slit (R ^ 300; AA ^ 4,500 - 10, 000 A). Standard IRAF@ 
reduction techniques of bias subtraction, fiat fielding, and wavelength calibration were used. 
Relative flux calibrat i on was performed using t he flux standards GD191B2B and HD84937 
jFukugita et al.lll996l : iMassev fc GronwalllE99ol l. 



The Swift UVOT observations of SN 2011ht included grism observations. On 2011-11- 
02 and 2011-11-13, four exposures for a total of 3710 s and thirteen exposures for a total of 



^IRAF is distributed by the National Optical Astronomy Observatory, which is operated by the Asso- 
ciation of Universities for Research in Astronomy (AURA) under cooperative agreement with the National 
Science Foundation. 
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15,551 s were completed, respectively. The data for the individual exposures were extracted 
using the new UVOT grism wavelength calibration (Kuin et al., in prep) and the current flux 
calibration from the Swift UVOT CALDB (version 20110731). Based on this calibration, the 
accuracy of the wavelength scale is typically 15 A. The individual exposures were summed 
after rotating the images along the dispersion direction and alignment of the anchor positions. 
The anchor positions were defined by the 2600 A line observed in first order. Taking into 
account the curvature of the spectrum, the spectrum was then extracted from the summed 
image using a slit width of la of the cross-dispersion Gaussian. 

The errors in the flux due to noise are low for wavelengths ;:^1900A, but the signal-to- 
noise (S/N) is <3 below 1910 A and 1770 A (which is approximately where the sensitivity in 
the grism begins to drop off) for the 2011-11-02 and 2011-11-13 spectra, respectively. The 
position of the spectra on the detector was such that a large portion of the second order 
spectrum lies next to the first order spectrum at wavelengths less then 3600 A and partially 
overlaps at 4550 A. At this point the contaminating flux due to the second order is estimated 
to be about 12% of the total flux. 

We also obtained a spectrum of SN 2011ht on 2011-11-11.5 with DIS on the 3.5m 
ARC telescope at the Apache Point Observatory (APO). The observations were done with 
the B400/R300 low-resolution gratings and a 1'.'5 slit, which give a wavelength coverage 
from ~ 3500 — 9600 A with a FWHM resolution of 7 A. Standard IRAF tasks were used to 
reduce the spectrum. The data were calibrated using a HeNeAr lamp and standard star 
observations taken on the same night. The strongest telluric lines were corrected using the 
spectrophotometric standards. 

On 2011-11-17.5 spectra were obtained with the MODSl instrument using a I'.'O wide 
slit and the G400L and G750L gratings in the Blue and Red channels, respectively. The 
observations were done in a sequence of three 300 s integrations for a total integration time 
of 900 s. The slit was oriented along the mean parallactic angle during the exposures [PA = 
— 140deg) since the MODSl spectrograph does not have an atmospheric dispersion corrector 
(ADC). The seeing during the exposures was 0'.'6 FWHM, giving a spectral resolution of 
X/6X ~ 2000. Conditions were clear and photometric. The data were reduced following 
standard procedures (bias, fiat, wavelength, and flux calibration) using the IRAF twodspec 



and onedspec packages. Observations of the standard star G191B2B ( iMassey fc Gronwall 



19901 ) were used to derive the response curve. Due to an observing error, we had to use a 
spectrum of G191B2B taken on a subsequent night through thin cirrus, so the absolute fluxes 
are inaccurate but the relative fluxes are sound. An approximate correction for atmospheric 
extinction was applied using the standard KPNO extinction curve, but we note that Kitt 
Peak is at a lower elevation (2100 m) than Mt. Graham (3300 m), so we are likely over- 
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compensating at the far blue end of the spectrum. 



2.4. X-Ray Data 



We combined and analyzed all SwiftX-Raj Telescope (XRT: iBurrows et al.ll2005l ) obser- 
vations obtained simultaneously with the UVOT data between 2011-10-02 and 2012-01-17. 
We searched for X-ray emission using a 4 pixel (9'.'6) radius centered on the optical position 
of the SN and corrected for the XRT 100% encircled energy radius. The background was 
extracted locally using a 40" radius source-free aperture to account for detector and sky 
background, and any unresolved emission from the host. 

An X-ray source is detected at the position of the SN at a 4.7cr statistical significance in 
the merged data (88.1 ks total exposure time). The PSF, deadtime, and vignetting corrected 
count rate of (5.3 ±1.1) x 10^"^ counts s~^ corresponding to an unabsorbed (0.2-10 keV band) 
X-ray flux of /0.2-10 = (2-3 ± 0.5) x 10~^'^ergcm~^ s~^ and a luminosi ty of Ln.2-in = (1-0 =1= 



0.2) X 10 ergs assuming a thermal plasma with kT = 10 keV (cf. iFransson et al.l 11996 



Immler et al.l 120071 ). a Galactic foreground co lumn density with no intrinsic absorption of 
Nh = 7.8 X 10^9 cm^ Jpickev fc LockmanlE99o[ ). and a distance of 19.2 Mpc. The Swift XRT 
X-ray image of SN 2011ht and its host galaxy is shown in the right-hand panel of Figured! 

Re-binning the data into two epochs with similar exposures times gives fluxes that 
are consistent within the statistical errors of the low photon statistics. Binning the data 
into an epoch ranging from 2011-11-11 to 2012-01-17 with a total exposure time 70.4 ks 
gives the highest S/N (5. la) and an X-ray flux and luminosity of /0.2-10 = (3.1 ± 0.6) x 
lO^^^ergcm"^ s^^ and a luminosity of -Lo.2-10 = (1-4 ± 0.3) x lO^^ergs"^, respectively. 

The higher flux in this late epoch and the small offset of the X-ray source from the 
optical position of the SN (< 2"), well within the XRT point-spread function (15" half power 
diameter), confirm that the X-ray emission is from SN 2011ht, although a contamination 
with unresolved X-ray sources within the host galaxy cannot be excluded. Observations 
of previous SNe show that X-rays arise from the interaction of the outgoing SN shock with 
substantial amounts of circumstellar material (GSM). The bulk of the X-ray flux is produced 
by the reverse shock at low energies (around 1 keV) as soon as the expanding optical shell 
becomes optically thin for soft X-rays. 
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2.5. Pre-Explosion Images 



The field of S N 2011ht was observed by the Galaxy Evolution Explorer (GALEX; 



Martin et al. 20051 ) as part of the All Sky Imaging Survey (ASIS) in both the near-UV 



(NUV; 1800-2800 A) and far-UV (FUV; 1300-1800 A) for a duration of 109 s on 2007-02-22. 
No point source is detected coincident with the position of the SN in either band (Figure S]). 
We measured the count rate at the SN location using a 3'.'8 (GALEX aperture No. 3) radius 
aperture in both the NUV and FUV background subtracted images and at 6 other locations 
that were close to the SN position and at similar isophotal brightness es in the galaxy. Each 
count rate was converted into magnitudes using GALEX zero points (IMorrissey et al.l 120071 ) 
and an aperture correction of 0.62 mag for the NUV and 0.77 mag for the FUV. We used 
the standard deviation of the fiuxes in these six surrounding apertures to estimate the back- 
ground and its uncertainties and then set the 3a upper limit for detecting a source at the 
location of the SN to be the fiux at the location of the SN minus three times the standard 
deviation. This led to 3a upper limits of 19.81 mag {lyLi, < 4.6 x 10^ Lq) for the NUV and 
19.66 mag {lyL^ < 7.5 x 10^ Lq) for the FUV. The field was observed again by GALEX on 
2010-04-16 for a duration of 1700 s in the NUV as part of Guest Observer program No. 61 
(Figure m Right). No point source is detected coincident with the position of the SN. The 
3a upper limit derived from this image is 19.50 mag, consistent with the upper limit found 
from the shallower 109 s NUV ASIS data. 



We also used the Sloan Digital Sky Survey (SDSS) DR8 ( lAihara et al.l 1201 ll ) pre- 
explosion images to search for a possible luminous progenitor at the position of SN 2011ht. 
First a \^-band image of the field of SN 20 11ht was obtained o n 2011-11-01 with the Ohio 
State Multi-Object Spectrograph (OSMOS; iMartini et aPboilh mounted on the MDM 2.4- 
m telescope. The centroids of seven point sources around the SN position in the OSMOS 
and SDSS g-hand images were measured, followed by a coordinate transformation between 
the two images using a second-order polynomial in the IRAF task geomap. The resulting 
standard deviation is 0.3 pixels in the SDSS image (0'.'12). No point sources are detected in 
any of the SDSS ugriz images within the error circle of the SN position, although there is an 
unresolved stellar background because SN 2 011ht is in a crowded environment (Figure |5]). 
We analyzed the images with DAOPHOT ( jStetsonl 119871 ) and determined a ba detection 



Li et al. 



limit based on point sources found in regions with similar background fiuxes (e.g 
201 ll ). The resulting ba upper limits on the magnitude {vLy) are u = 21.9 (6.4 x 10^ Lg 



g = 22.8 (2.1 X 10^ Lq) 
(6.7 X 10^ Lq). 



22.4 (2.3 X 10^ L0 



22.4 (1.8 X IO^Lq), and z 



20.8 



We compared these limits to blackbodies with a range of luminosities and tempera- 
tures, leading to the limits on the progenitor shown in Figure El These limits can then 
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be compared to the progenitors of known L BVs (mostly Galact ic) in their "hot" state 
(|Humphrevs &: Davidsonlll994l : Ide Jagerlll998l ). yellow hypergiants (iHumphrevs &: Davidson 



1994 



deJagd [19981), red supergiants (RSGs) in the LMC and SMC fiLevesque et al.l 120061 ) . 
and the evoluti onary tracks for single stars with masses of 10, 20, 40, and 80 Mq from the 
STARS models (lEldridge fc Toutll2004i ) for a metallicity of Z = 0.004 that is consistent with 



the measured oxygen abundance of an HII region near SN 2011ht (see below). As expected. 
Figure [6] reveals that the limits are no t very constraining . Many LBVs in their quiescent 
state (cf. [Humphreys fc Davidson! Il994j : ISmith et al.ll2004l ) are allowed, although something 
extreme like rj-Cai can be ruled out. Massive (;:^3OM0) RSGs and yellow hypergiants can 
also be excluded. 

We also retrieved the optical spectrum of UGC 5460 from SDSS DR8. The SDSS fiber 
was positioned on a bright H II region located 24" W and 14" N from the center of the galaxy 
(projected distance of ~2.5kpc), and 36" W and 5" S from the location of SN 2011ht (pro- 
jected distance of ~3.4kpc). The spectrum is dominated by strong forbidden and recombi- 
nation lines characteristic of star-forming regions, which allow us to estimate the metallicity 
of the gas. We use the 03N 2 (= lo glCfOIII] A5007/H/3)/([N II] A6583/Ha)}) ratio method 



described in iPettini fc Pagell ( l2004j ) to estimate the oxygen abundance of the H II region. 
This method is fairly insensitive to reddening because it uses flux ratios of lines that are 
very close in wavelength. We measure the total fluxes of the emission lines using Gaussian 
profiles and correct for the Galactic reddening. We obtain an oxygen abundance on the 
03iV2 scale of 12 + log(0/H) = (8.20 ± 0.01) (~l/5 Solar), where the error only reflects 
statistical uncertainties in the flux measurements. For this paper we assume that this is 
the characteristic oxygen abundance of the host galaxy and the SN region. The host galaxy 
properties are listed in Table |3l 



3. Results 

3.1. The Light Curve of SN 2011ht 

In the initial UVOT observations the source is detected at 21.01 mag in the uvw2 fllter, 
19.07 mag in the uvwl, 17.74mag in the w-band §, and ~16.8mag in the b and v fllters. 
Only an upper limit was found for the uvm2 fllter. The peak magnitudes are ~ 13.4, 
~ 13.3, ~ 14.4, and ~ 14.4 in the UV {uvw2, uvm2, uvwl), u, b, and v fllters, respectively. 



■^Note that the effective wavelength of the UVOT w-band fiher is bhier than when used on the ground 
because it is unaffected by atmospheric absorption. 



- 11 - 



The peak occurred ~43 days after discovery in the UV and u bands, and after ~55 days 
in the h and v bands. The initial rise in the hght curves (the first 20 days) is quite sharp, 
particularly in the UV {Auvw2 = 0.32, Auvm2 = 0.32, Auvwl = 0.23, Am = 0.18, Ab = 
0.11, and Av = 0.07magday~^), followed by a slower rise to peak (over the next ~20- 
30 days; Auvw2 = 0.062, Auvm2 = 0.064, Auvwl = 0.063, Am = 0.045, Ab = 0.023, and 
Av = 0.017magday^^). The initial ASAS-SN observations began ~23 days after discovery. 
The rise in the light curve is 0.05 magday"^, consistent with the average of the 0.07 and 0.017 
UVOT Av rise times. After peak, all photometric bands are observed to fade, although 
the UV fades more rapidly {Auvw2 = 0.09, Auvm2 = 0.09, Auvwl = 0.07, Au = 0.05, 
Ab = 0.03, and Av = 0.02 mag day^^). The Ax{15) for the UV and ubv bands is ~0.2 and 
0.04, respectively. 

The color evolution is peculiar because it evolves from red to blue at early times (Fig- 
ure |2) Bottom), followed by a more normal, slow reddening after the peak. This is best 
summarized by examining the evolution of the luminosity and temperature, which we can 
approximate well because of the wavelength coverage provided by the UVOT. We fit the 
spectral e nergy distributions ( SEDs) as blackbodies, allowing for Galactic extinction (E(5- 



V)=0.01; ISchlegel et al.l 119981 ) as well as additional extinction in the host with a range of 
reddening laws (MW, LMC, SMC)0. Our best fit host reddening value is zero, but values up 
to ~0.2 are consistent with the data. If we only fit the peak, where the S/N is best, we ob- 
tain values of E{B-V)=0M2 (MW) and 0.041 (SMC/LMC). We adopt the E{B-V)=0M2 
MW model for our standard reddening estimate. In Figure [7] we compare a blackbody with 
E{B-V) = 0, 0.041, and 0.062 to the combined ARC/DIS and UVOT/uvg (Epoch 2) spec- 
trum. The blackbody approximates the SED reasonably well in the optical, but the fluxes 
overestimate somewhat the UV due to line blanketing. 

We also estimate a pseudo-bolometric luminosity. We use count rate to flu x conversions 



for th e best fit blackbody temperatures interpolated from blackbody values in iBrown et al. 



( l2010l ). and then arrive at an average monochromatic flux density for each filter. The flux 
density is then integrated over the filter bandpass using trapezoidal integration. Figure [8] 
shows that these two estimates of the luminosity agree reasonably well, with the agree- 
ment improving as the temperature increases and there is proportionately less unobserved 
optical/near-IR emission. The bolometric light curve peaks at ^IO^Lq, roughly ~43days 
after discovery. The total energy emitted by the SN in the first 112 days is ~ 2.5 x 10^^ ergs. 
For comparison purposes, this is ~100x greater-than the energy in the eruption of the 



''The UVO T uvw2 and uvwl filters suffer from a red leak that can lead to complications in the analysis 
of red spectra ( Brown et al. 20ld : Milne et al. 2010l) . The early spectra of SN 201 Iht are very blue, and we 
account for the red leaks in the filter response functions used for the model SEDs. 



2008 N300 transient (IHumphrevs et al.ll201ll ) and ~100x less-than the radiated output of 
SN 2006gy JSmith et al.lboOTh . 



Figure in] shows the evolution of the blackbody fits in temperature (Tbb), radius (-Rbb), 
and luminosity (/^bb) along with the fit residuals. The fits are worse at early times, but we 
see a general trend that as the temperature increases the luminosity increases and the black 
body radius shrinks and then remains fairly constant until peak. After peak, Tbb and Lbb 
begin dechning, while Rbb begins increasing. The estimates of Tbb, Rbb, and Tbb for each 
epoch are reported in Table HI 



3.2. The Spectra of SN 2011ht 

A close examination of the UVOT/uvg spectra (Figure [3]) reveals absorption lines of 
Fe II and potential lines of Si II, Si III, Ni II, and N III. The UV spectrum below 1900 A shows 
significant absorption features which differ between the two spectra taken 11 days apart. The 
most likely explanation is a combination of noise in the early spectrum and physical changes 
in the state and velocity of the circumstellar matter. Only the longer exposure of the later 
spectrum can be trusted below 1900 A. The spectra also show broadened hydrogen lines of 
H/3, H7, and H(5. 

The UV is dominated by lines of Fe II, most notably the UVl, U V2 and UV62 multiplets. 



A comparison with the SN 1998S spectrum from lBowen et al.l (120001 ) reveals that several sets 
of absorption lines match the SN 2011ht lines, namely Mg II (~ A2800) and Fe II (~ A2400, 
A2586, and A2612; Figure [TU]) . An 11 A shift of the UVOT spectrum (which is within the 
wavelength accuracy of the instrument) was applied based on the line identifications, so it 
is possible that the overall blueshift seen in the optical is masked. 

At A1751 A there is a possible resonance line of Ni II, but this is more likely the N III 
(AI750A) resonance line that is broadened by a velocity of ~1880kms ^. The Si III A1842, 
and A2562 lines are not resonance lines, but are probably the result of a cascade from Si IV. 
The line broadening of the two Si III lines indicates velocities of 1220 and 1474 km s"^, 
respectively. We attribute the line found at A1813 A to A1808, A1816, A1817 triplet of Si II. 
The C III] (A1909 A) line is seen at ~1904 A. The Mg II resonance hues at A2797 and A2802 A 
are present, while we also see the Mg II (A2930 A) line whose lower level is the upper level of 
the A2802 A line. Similar to the Si III lines this could be due to recombination of the Mg III 
levels or due to high temperature collisional excitation. The width of the UV lines is difficult 
to determine since there are so many faint Fe II lines confusing the measurements. A FWHM 
between 25-33 A is our best estimate, which equates to a velocity of about 1670 km s~^. 
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The early optical spectra are dominated by strong asymmetric (the red side having 
greater flux) Balmer emission lines with narrow peaks, very broad wings, and P-Cygni pro- 
files. Using the MODSl spectrum we have measured velocities with respect to the various rest 
frame peak emission and absorption lines (Table E]). From the Ha P-Cygni profile, we mea- 
sure blueshifted velocities (with respect to the velocity of the galaxy) of 261 and 778kms~^ 
in emission and absorption, respectively. We also measure the width of the narrow Ha line 
to be FWHMHa-Line ^ 600 km s"^ while the broad wings are FWHMHa-wing ^ 4200 km s-^ 
The Ha profile remains fairly consistent over the five epochs (see Figure fTTll . The velocity 
in absorption decreases in the higher Balmer lines (see Table [5]), and the absorption lines 
become stronger as the emission weakens (Figure [T2|) . Hr/ has no obvious emission altering 
the absorption profile, so we measure the absorption velocity to be 646 kms~^. Paschen lines 
are easily identified on the red end of the spectrum. They show weak emission combined 
with blue shifted absorption. 

There are two very strong He I emission lines (A7065 and A5876), both of which show 
very broad wings. The A5876 line has an absorption feature similar to the hydrogen lines, 
but the absorption is absent from the A7065 line (Figure [T^ . The other He I lines are weak. 
Normally He I (A6678) is a very strong line, but it lies on the red wing of Ha and is difficult 
to analyze. The emission and absorption in the other He I lines (A5015, A4921, A4471, A4026, 
and A3819) are weaker, with the latter two lines having the weakest emission. Redward of 
H7 is a peculiar continuum where the He I (A4471) line weakly appears in emission. This 
could be the result of Thomson scattering. 

The O I absorption triplet at A7774 (A7772.0, A7774.2, and A7775.4) is strong and has 
a velocity of 618 kms~^, similar to the H and He I absorption features. There are also three 
weak absorption lines between 3900 and 4000 A. The line measured at 3939.6 A is most likely 
Ca II K with a velocity of ~ 650 kms~^. 

In the last spectrum taken with the HET/LRS, the strong, broad He I emission lines 
at A5876 and A7065 have disappeared. The other He I lines (A4921 and A5015) are still 
present with weak P-Cygni profiles. Several Fe II lines have appeared in both absorption 
and emission. The strong absorption and P-Cygni emission is Fe II (A4924 multiplet 42) 
with the next absorption line probably being Fe II (42) at A5169. There are four Fe II 
absorption/emission lines from 5200-5340 A all from multiplet 49. The O I absorption is 
still present and strong. 
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Discussion 



Some of the properties of SN 201 Iht are similar to SN impostors (e.g. the emission line 
structures), while others are comparable to true SNe Iln (e.g. the luminosity) - SN 2011ht 
has the luminosity of a normal core-collapse SNe (see Figure [T^ . but the spectrum of a 
dense wind (see Figure [T^ . The spectrum originally showed hydrogen and the Ca II triplet 



in em ission with P-Cygni profiles, as well as narrow absorption lines of Fe II (jPastorello et al. 



2OIII ). typical of LBVs at maximum and during giant eruptions. The steep, blue continuum 
strong UV flux, and the properties of the He I lines are not characteristic of d ense winds. The 



UV d ecay slope of the SN 201 Iht light curve is reminiscent of SN 2007pk ( iPrit chard et al. 
2012h . 



The broad asymmetric (to the red) wings in SN 201 Iht are suggestive of Thomson 
scattering. The SN impostors, SNe 1999bw and 2001ac, showed strong, narrow Balmer lines 
{FWUMiia- Lines — 630 and 290kms~^, respectively) characteristic of LBVs, with broad 
wings {FWBMna-wings — 6000 and 3000 km s~^, respectively). The cause of these wings is 
not clear, but they have b een attributed to ei ther electron scattering, fast moving ejecta, 
or a combination of both ( ISmith et al.l |2011aJ) . The cause of the broad wings in SNe is 
not always clear either. For SN 1998S, the broad component has been attributed bot h to 



the ejecta ( Leonard et a. 
SN 1999W. IChugai et al. 



J2OOOI) and to scattering on thermal electrons ( IChugail I2OOII ). In 
(EooJ attributed the broad wings to a combination of cool shocked 



gas and Thomson scattering, while iDessart et al.l (|2009[ ) argued they were primarily the result 
of electron scattering in the ejecta. Even with detailed models it can be difficult to reach 
a conclusive interpretation. Further complicating this picture is tha t some SNe Iln in itially 
reveal a Thomson scattering profile but evolve to a shocked profile (jSmith et al.ll2012l ). 



If we suppose both the presence of Thomson scattering in a pre-existing circumstellar 
medium (CSM) in order to produce the line structures, and that the transient is a true SN 
based on its energetics, then we would expect a shock wave to be propagating through the 
CSM with observable effects. Significantly modifying the line structures requires — 1 on 
the scale of the apparent photosphere (Figure [HD, and we use this to normalize the model by 



M 



0.02tt 



600 km/s J \5x 10^^ cm J \RZt J 



Mq year ^. 



where the Thomson opacity is kt ^ 0.34 and we identify the absorption feature of the 
spectra with the wind speed (f^). The shell extends from _Rj„ to Rout with a thickness 
AR = Rout — Rin- The term AR/Rout — )■ 1 for a thick shell. Producing significant levels of 
Thomson scatteri ng on these large scales requires a very dense wind, similar to that of an 
LBV in eruption (jKochanekll2011al ). We can then estimate the Ha luminosity assuming it 
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is due to recombination outside radius Rin (and ignoring Rout) as 



ATiEHpaHpR^n4 ^ 4 X 10^ f ?± 

fi'^m'^K^ \5 X 10^^ cm 



where Eh^ = 1-9 eV, aj^Q, ~ 10~^^ cm'^/s is the Ha rate, and fi ~ 0.6 is the mean molecular 
weight. For the estimated Ha line flux of 5 x 10~^^ ergs cm~^ s~^ (6 x IO^Lq) in the MODS 
spectrum, the line formation radius will be consistent with the photometric radius for tt — 1, 
roughly as needed to broaden the lines with Thomson scattering. 

A shock propagating through such a medium releases a significant amount of energy, 
with a shock luminosity of 

Mv'l 2'KrTRinVl f ^R\ _ „._^7 ^ Vf Rin \f^R 



2vu, kt \RoutJ V2000 km/sy V4 x lO^^ cmy Vi?, 



^out 



(e.g. iMiller et al.ll2010( ). where we have set the shock velocity to 2000 km s~^, an intermediate 
velocity between the narrow and broad components. While this energy can be lost to re- 
accelerating the expansion of the flow, on these physical scales it will tend to be radiated. 
The natural shock temperature is kT^ ~ 5 keV. If the optical depth of the wind is low, 
the X-rays from the shock cannot be thermalized and simply escape. Averaging over the 
X-ray epochs from 11 November to 17 January (days 43-110) gives a detection with Lx = 
(3.9 ± 0.8) X 1O^L0. These can be reconciled by having a low optical depth, tt — 0.02 
corresponding to a mass loss rate of a few 10"*^ year~^. A possible difficulty is that at 
the low shock densities implied by this optical depth, one would be directly observing the 
shock and would expect to see the chara cteristic emission lines a ssociated with fast shocks 



e.g. the late time spectra of SN 1980K; iFesen fc Matonicklll994i ). although they would be 



heavily diluted by the large ratio between the shock and photospheric luminosities. 

The alternative is to make the medium dense enough so that the X-rays are absorbed 
before they escape (see the recent discussion in IChevaher fc Irwinlboid l At the densities and 



temperatures we expect to see in the shell, the material is likely to be incompletely ionized, 
which means that the optical opacity (dominated by electron scattering) will be low compared 
to the X-ray opacity (e.g. Figure [TB]) . In these conditions, rx-rays ^ ''"t and, if we require 
Tt ~ 1 to fit the line profiles, the high X-ray optical depth will be sufficient to severely limit 
the softer X-rays to which Swift is most sensitive. There is an upper bound of tt ^ 100 where 
L,, begins to exceed the b olometric luminosity of the transient. If we follow the argument of 



Chevalier fc IrwinI (120121 ) and try to produce all the luminosity from an embedded shock, the 
energy available to heat the medium is LgARr/c, where td — 3ARt/c is how long it takes 
the energy to escape. We equate this with the radiative energy AirARRf^aT'^ to estimate a 
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temperature 



(2) 



Thermalizing the shock photons to hmit the X-ray transmittance places constraints on the 
ionization state of the atoms. To explain the line profiles, we require tt ~ 1. But the optical 
depth cannot be too high, or the photon diffusion time becomes too long and the shock 
breaks out before the radiation. This also implies that tt ^ 100. The mass associated with 
the shell is then 



—R^nRout ^ OMtt ( ) ( ) Mq (3) 

Kt V 5 X 1014 cm / cm ' ° ^ ^ 



where we have used kt = 0.34 cm^ g ^ for a largely ionized medium, but in can be lower if 
the H/He are able to partially recombine (see Figure [TB]) . Theses masses and mass loss rates 



in these high luminosity models are typical of other Type Iln S Ne (e.g. iKiewe et al.l 120101 ) 



and are in the range of LBVs in eruption (e.g. iKo chanekl |20 1 Ibl ) . 



There is one additional attractive feature of surrounding an explosive transient with a 
discontinuous shell of material. Namely, it might be able to explain the large photospheric 
radius and low temperature of the first few epochs (see Figure [9]). When the shock breaks out 
of the surface of the star, it produces a luminosity UV/X-ray spike in excess of 10^° ergs s~i in 
a brief burst. The duration depends on the structure of the star, wind profile and the photon 



energy, but the bulk o f the breakout emission occurs well within 10,000 s (e.g. iFryer et al. 



2009 



Frey et al.l 120121 ). In a shell geometry, this short radiation spike rapidly crosses to the 
shell and then photoionizes it before escaping. But if the radiation interacts in the shell, it 
is spread over the diffusion time td — 3tAR/c ~ t{AR/10^^ cm) days, which is relatively 
well-matched to the duration and apparent photospheric scales of the initial phase. The 
problem is that the required luminosity is at the high end of what we might expect from 
shock breakout. This can be explored further once the nature of this transient is fully 
understood. 



5. Conclusions 

SN 201 Iht shows a series of curious behaviors. It has a spectrum broadly resembling 
a dense stellar wind but the overall luminosity and energetics of a true core-collapse SN. 
It appeared to have a very large, cool photosphere initially, which then shrinks to roughly 
a constant before starting to slowly expand. The apparent temperature rises dramatically 
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from ~ 5000 K to almost 14, 000 K before starting to decline. At early times there seems to 
be no X-ray emission, and then it is detected only to probably fade again. 

Clearly continued photometric and spectroscopic monitoring of this system is necessary. 
Combining a shock from an explosive transient with a dense stellar wind has the prospect 
of explaining some of the peculiarities, but such shocks have to eventually emerge at low 
optical depths which should dramatically change the spectroscopic and X-ray properties as 
the transient evolves. 
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Fig. 1.— Swift UVOT optical (/e/t), UVOT UV {middle), and XRT X-ray {right) images of 
SN 201 Iht and its host galaxy UGC 5460. Left: The optical image was constructed from the 
UVOT V (64 s; red), h (64s; green), and u (64s; blue) filters obtained on 2011-11-02. Middle: 
The UV image was constructed from the UVOT uvwl (20s; red), uvm2 (20s; green), and 
uvw2 (33 s; blue) filters obtained on 2011-11-02. Right: The X-ray image (0.2-10 keV) was 
constructed from merged XRT data obtained between 2011-10-02 and 2012-01-17 (88.1 ks 
exposure time). All images are smoothed with a 3 pixels FWHM Gaussian. The position of 
SN 201 Iht is indicated by a circle with a radius of 10". 
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Fig. 2.— Top: Swift UVOT and ASAS-SN light curves of SN 2011ht. Bottom: Color 
evolution of SN 2011ht. 
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Fig. 3.— HET/LRS, UVOT/uvg, ARC/DIS, and LBT/MODSl spectra of SN 2011ht. 
Prominent absorption and emission lines, as well as telluric bands, are indicated. The wave- 
lengths have been corrected to the rest frame using VheHo — 1093 km s~^. The spectra have 
not been corrected for line-of-sight extinction. 
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Fig. 4.— GALEX FUV (left) and NUV {middle) 109 s images of UGC 5460 taken on 2007-02- 
22. GALEX NUV (nght) 1700 s image of UGC 5460 taken on 2010-04-16. The SN position 
is indicated by the 5" circles. 



SDSSgri ..y'^ 














O 


• 

\ 


* 


X 

1 ai:iiun = f .5 kpc "-^ 





Fig. 5. — Pre-explosion SDSS gri images of UGC 5460. Left: 3' x 3' image centered on the 
host galaxy showing the SN location with respect to the spiral arms. Right: 30" x 30" region 
around the SN showing the environment. The circle at the position of the SN has a radius 
of 0"6, which is 5x the uncertainty in the SN position. 
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Fig. 6. — Constraints on the progenitor of SN 2011ht. The grey region is ruled out by 
the SDSS fluxes. The blue closed circles are known LBVs (mostly Galactic) in their quies- 
cent state, orange triangles are yellow hypergiants, and red open circles are red supergiants 
(RSGs) in the LMC and SMC. The lines are evolutionary tracks for single stars (Z=0.004). 
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Fig. 7.— Blackbodies (12,900 K) over-plotted on the combined ARC/DIS and UVOT/uvg 
(Epoch 2) spectrum. The blue solid, red dotted, and green dashed lines represent no, MW 
{E{B-V)=0.062), and SMC {E{B-V)=0M1) host reddening, respectively. 
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Fig. 8. — Bolometric (circles) and pseudo-bolometric (stars) light curves generated from 
the UVOT photometric data. SEDs are fitted as blackbodies to determine the bolometric 
luminosity. Pseudo-bolometric luminosities are calculated by summing the observed fluxes. 
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Fig. 9. — Blackbody temperature, radius, and luminosity with the corresponding residuals 
to the blackbody fits. The diagonal line in the upper panel represents 800kms~^ expansion. 
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Fig. 10. — Swift UVOT/uy g spectrum of SN 2011ht as compared to the spectrum of 
SN 1998S JBowen et aliboooh . The red spectrum is of SN 1998S and the blue is of SN 2011ht 
(UVOT/uvg Epoch 2). 
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Fig. 11. — Ha profile at each spectral epoch plotted in velocity space. The emission peaks 
have been aligned to zero velocity. The coarseness of the plots represents the resolution of 
the individual instruments. 
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Fig. 12. — Balmer profiles for tlie LBT/MODSl spectrum overlaid in velocity space. The 
emission peaks have been aligned to zero velocity. 
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Fig. 13. — The He I emission lines (A7065 and A5876) plotted in velocity space. Note the 
broad wings in both lines and the absorption similar to hydrogen in the A5876 profile but 
missing in A7065. 
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Fig. 14. — Compar ison of the SN 201 Iht light curve to the S Ne Iln hght curves of SN e 2006gy 



fISmith et all l2007h . 1998S flLiu et allbOOOh. and 1994W flSoUerman et al.Ml998h and th e 
SN impost or hght curves of SN 2009ip Ismith et aLl [2ninbl). SN 20088 JSmith etaL l2009h . 
SN 1997bs JVan Dvk et al.lboool ) and the 1843 outburst of Car JSmith fc Frewlboilh . Left: 
A comparison of the absolute magnitude assuming distance moduli for SNe 2011ht, 2006gy, 
1998S, 1994W, 2009ip, 2008S, 1997bs, and r/-Car of 31.42, 34.42, 31.15 32.02 , 31.55, 28.74, 
30.28, and 11.81, and a n E(B - V) of 0.062, . 76, .15 f llentz et al.lboOll ). 0.17, 0.019, 
0.64, 0.21, and Ay = 1.7 ( jPavidson fc Humphreysl 119971 ) . respectively. For all objects except 
77-Car the times have been shifted in order that the day of discovery equals zero. For r^-Car, 
the shift was chosen to coincide with the outburst of 1843. The dotted line is the upper 
most limit for the peak magnitude of the GE-LBV sample by lSmith et al.l ( 1201 Ibl ). Right: A 
comparison of light curve shapes. All light curves have been shifted so their peak magnitudes 
coincide with the peak of SN 2011ht. The temporal (and magnitude) shifts for SNe 2011ht, 
2006gy, 1998S, 1994W, 2009ip, 2008S, 1997bs, and 77-Car are 52.3 (0), 51.9 (+5.17), 18.7 
(+2.08), 26.0 (+2.33), 28.3 (-2.61), 10.5 (-3.38), 1.1 (-3.41), and 72.0 (-2.91). The peak 
for 77-Car was chosen to be the middle peak of the four major spikes. The light curves for 
SNe 2006gy and 2009ip are based primarily on R, not V, band data. 
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Fig. 15. — Comparison of th e SN 2011ht spectrum to the SNe Iln spectra o f SNe 1998S and 
1994W Jchugai et al.l bopj ) and the SN impostor's spectra of SN 2008S feotticella eTaL 
20091 ). The SN 2008S +60 d spectrum was redshifted by 269A to match the Ha peak of the 
+57 d spectrum. 
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Fig. 16. — Wavelength dependent opacity for a density of lO^^^gcm^'^ at two different 
temperatures: 4eV (blue), 0.5 eV (black). As the shell drops below a temperature of leV, 
recombination drastically increases the opacity below a few thousand Awhile decreasing the 
electron scattering opacity (as the number of free electrons diminishes). In this way, the X- 
ray optical depth can be very high while maintaining a mo dest optical depth in the optical 
bands. The opacities are from the LANL OPLIB database (iMagee et al.lll995l ). 
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Table 1. Swift UVOT and ASAS-SN photometry of SN 2011ht 



UT 


Instrument 






Observed Magnitudes" 






(JD2450000+) 




uvw2 


uvm2 


uvwl 


u 


b 




5838.6 


UVOT 


21.01(46) 


20.24(**) 


19.07(16) 


17.74(09) 


17.14(07) 


16.45(07) 


5841.3 


UVOT 


20.37(42) 


20.39(**) 


18.42(14) 


16.95(09) 


16.72(07) 


16.37(09) 


5842.2 


UVOT 


19.37(21) 


19.80(27) 


18.32(14) 


16.69(09) 


16.62(07) 


16.05(08) 


5843.3 


UVOT 


18.68(14) 


19.13(18) 


18.01(12) 


16.45(08) 


15.41(07) 


16.01(08) 


5852.5 


UVOT 


15.70(15) 


15.50(09) 


15.40(10) 


14.84(11) 


15.50(10) 


15.37(09) 


5856.3 


UVOT 


15.13(17) 


14.94(15) 


14.78(12) 


14.43(11) 


15.25(09) 


15.19(07) 


5857.07 


ASAS-SN 












15.00(02) 


5857.08 


ASAS-SN 


— 










15.04(02) 


5857.09 


ASAS-SN 


— 










15.01(02) 


5857.10 


ASAS-SN 


— 










15.03(02) 


5858.08 


ASAS-SN 












14.97(02) 


5858.09 


ASAS-SN 












14.96(02) 


5858.10 


ASAS-SN 












14.93(02) 


5858.11 


ASAS-SN 












14.94(02) 


5858.12 


ASAS-SN 


— 










14.94(02) 


5858.13 


ASAS-SN 












14.93(02) 


5858.14 


ASAS-SN 












14.96(02) 


5858.7 


UVOT 


14.67(20) 


14.46(11) 


14.35(14) 


14.09(12) 


15.02(10) 


14.97(07) 


5859.06 


ASAS-SN 












14.96(02) 


5859.07 


ASAS-SN 












14.96(02) 


5859.09 


ASAS-SN 












14.92(02) 


5859.10 


ASAS-SN 












14.94(02) 


5859.11 


ASAS-SN 












14.98(02) 


5862.06 


ASAS-SN 












14.76(01) 


5862.07 


ASAS-SN 












14.74(01) 


5862.08 


ASAS-SN 












14.74(01) 


5862.10 


ASAS-SN 












14.76(01) 


5862.11 


ASAS-SN 












14.74(01) 


5862.13 


ASAS-SN 












14.70(01) 


5862.14 


ASAS-SN 












14.73(01) 


5862.15 


ASAS-SN 












14.73(01) 


5862.2 


UVOT 


14.26(23) 


14.05(19) 


13.97(16) 


13.74(12) 


14.77(10) 


14.80(08) 


5864.06 


ASAS-SN 












14.69(01) 


5864.07 


ASAS-SN 












14.67(01) 


5864.08 


ASAS-SN 












14.70(01) 


5864.11 


ASAS-SN 












14.64(01) 


5864.12 


ASAS-SN 












14.64(01) 


5864.13 


ASAS-SN 












14.66(01) 


5864.14 


ASAS-SN 












14.64(01) 


5864.15 


ASAS-SN 












14.64(02) 


5865.4 


UVOT 


13.96(27) 


13.73(21) 


13.62(19) 


13.55(13) 


14.66(11) 


14.73(08) 


5868.1 


UVOT 


13.89(21) 


13.62(19) 


13.67(14) 


13.52(10) 


14.64(09) 


14.66(07) 


5871.1 


UVOT 


13.67(30) 


13.45(28) 


13.38(20) 


13.36(14) 


14.44(11) 


14.57(08) 


5873.9 


UVOT 


13.68(24) 


13.41(23) 


13.29(17) 


13.27(12) 


14.11(10) 


14.50(08) 


5876.8 


UVOT 


13.55(27) 


13.31(25) 


13.21(19) 


13.27(12) 


14.37(10) 


14.45(08) 
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Tablc 1 — Continued 



UT 


Instrument 










Observed Magnitudes'' 










(JD2450000+) 




uvw2 


uvm2 




u 




b 


v/V^ 


OooU.O 


\J \VJ 1. 


13, 


.62(30) 


13 


.37(28) 


13.23(21) 


13.28(13) 


1 A 


, i ) 


14 


.48(08) 


Oooo.z 


V VKJ L 


13 


.64(30) 


13 


.35(26) 


13.28(21) 


13.29(13) 


1 A 


,.-16(1 Ij 


14 


.45(08) 


OooD.U 




13, 


.66(29) 


13, 


.38(27) 


13.40(19) 


13.32(12) 


1 A 




14 


.44(08) 


5889.0 


UVOT 


13, 


.71(22) 


13, 


.47(20) 


13.44(15) 


13.31(11) 


14, 


,32(09) 


14 


.55(07) 


5892.2 


UVOT 


13, 


.81(28) 


13, 


.55(26) 


13.47(19) 


13.30(13) 


14, 


,39(11) 


14 


.44(08) 


5895.0 


UVOT 


13, 


.96(27) 


13, 


.71(23) 


13.55(19) 


13.36(13) 


14, 


.44(11) 


14, 


.46(08) 


5898.3 


UVOT 


14 


.09(19) 


13 


.87(17) 


13.66(14) 


13.43(10) 


14, 


.45(09) 


14 


.55(07) 


5901.4 


UVOT 


14, 


.76(12) 


14, 


.27(11) 


14.06(12) 


13.67(10) 


14, 


,63(08) 


14 


.59(07) 


5903.9 


UVOT 


14, 


.48(23) 


14, 


.24(21) 


14.02(17) 


13.62(14) 


14, 


,60(11) 


14 


.61(08) 


5907.4 


UVOT 


14, 


.70(16) 


14, 


.53(13) 


14.22(12) 


13.64(10) 


14, 


,66(09) 


14 


.65(07) 


5909.8 


UVOT 


15, 


.02(18) 


14, 


.81(16) 


14.45(14) 


13.84(12) 


14, 


,80(10) 


14 


.78(08) 


5913.1 


UVOT 


15, 


.32(13) 


15 


.14(11) 


14.68(10) 


13.88(10) 


14, 


,78(09) 


14 


.70(07) 


5917.0 


UVOT 


15, 


.83(11) 


15 


.64(09) 


15.09(09) 


14.08(09) 


14, 


.92(08) 


14 


.79(07) 


5920.2 


UVOT 


16 


.38(10) 


16 


.20(08) 


15.45(08) 


14.30(09) 


14, 


.96(08) 


14 


.83(07) 


5922.6 


UVOT 


16, 


.53(10) 


16, 


.37(08) 


15.63(08) 


14.45(09) 


15, 


,03(08) 


14 


.89(07) 


5930.3 


UVOT 


17, 


.43(10) 


17, 


.44(08) 


16.32(08) 


15.05(08) 


15, 


,25(08) 


15 


.06(07) 


5939.6 


UVOT 


18, 


.36(12) 


18, 


.54(12) 


17.15(09) 


15.77(08) 


15, 


,58(07) 


15 


.21(07) 


5944.2 


UVOT 


18, 


.77(15) 


19, 


.26(19) 


17.53(10) 


16.07(08) 


15, 


.73(07) 


15, 


.22(07) 


5950.7 


UVOT 


19 


.96(29) 


19 


.95(**) 


18.18(12) 


16.79(08) 


16, 


.15(07) 


15 


.50(07) 



''The first two uvm2 values are 2<T-level detections. Values in parenthesis are the errors. 3<7 upper limits 
are marked with **. 

''The v/V column indicates the UVOT/ASAS-SN filter. 



Table 2. Spectroscopic Observations of SN 201 Iht 



Instrument 


Date 


Exposure 




(UT) 




HET/LRS 


2011-11-01 


600.00 


UVOT/uvg 


2011-11-02 


3710.08 


ARC/DIS 


2011-11-11 


1200.00 


UVOT/uvg 


2011-11-13 


15,550.70 


HET/LRS 


2011-11-16 


600.00 


LBT/MODSl 


2011-11-17 


900.00 


HET/LRS 


2011-12-21 


600.00 
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Table 3. SN 201 Iht host galaxy properties 



Parameter Value Note /Reference 



Name 


UGC 5460 


NED 


R. A. (J2000) 


10''08"09!3 


NED 


Dec. (J2000) 


+51°50'38'.'0 


NED 


Morphological Type 


SB(rc)d 


de Vaucouleurs et al. fl991); Corwin et al. fl994) 


Heliocentric velocity 


1093kms-i 


NED 


Virgo-infall corrected velocity 


1403kms-i 


NED 


Distance modulus 


31.42 mag 


using = 19.2 Mpc 


Mb 


-18.0 mag 


this paper 


Total SFR 


1.2lf5M0 yr-i 


this paper 


Total M* 


l.lloi X 109 M0 


this paper 


Total Av 


0.8+° j mag 


this paper 


Oxygen abundance 


8.20 


Pettini & Pagel (20041 03Af2 method, this paper 
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Table 4. SN 201 Iht Blackbody and Bolometric Data 



UT 

(JD2450000+) 


Tbb 
(K) 


■Rbb 
(xlO^"' cm) 


Lbb 
(xl0*'2 ergs~i) 


r 

Pscudo 

(xlO"'^ crgs^i) 


r 

B o 1 o nict r i c 

(xl0*2 ergs-i) 




5838.56 


4000 


21.23 


0.82 


0.11 


0.81 


43.62 


5841.27 


4800 


13.23 


0.66 


0.16 


0.66 


22.96 


5842.21 


5000 


12.46 


0.69 


0.18 


0.69 


21.40 


5843.28 


5300 


11.24 


0.71 


0.22 


0.71 


22.76 


5852.53 


9100 


4.74 


1.10 


0.77 


1.12 


11.47 


5856.32 


10100 


4.59 


1.56 


1.18 


1.61 


3.03 


5858.69 


10700 


4.57 


1.95 


1.52 


2.03 


2.30 


5862.16 


11800 


4.40 


2.68 


2.15 


2.79 


2.05 


5865.40 


12400 


4.31 


3.13 


2.52 


3.25 


1.30 


5868.05 


12700 


4.33 


3.48 


2.80 


3.61 


2.61 


5871.05 


13100 


4.34 


3.96 


3.17 


4.09 


2.12 


5873.86 


13200 


4.46 


4.29 


3.43 


4.43 


2.30 


5876.84 


13300 


4.48 


4.47 


3.54 


4.58 


1.22 


5880.25 


13200 


4.53 


4.43 


3.54 


4.57 


1.23 


5883.23 


13000 


4.60 


4.31 


3.44 


4.44 


1.35 


5885.98 


12900 


4.62 


4.22 


3.38 


4.35 


2.85 


5889.03 


12600 


4.78 


4.10 


3.31 


4.26 


5.40 


5892.23 


12100 


5.06 


3.91 


3.15 


4.07 


2.08 


5895.01 


11900 


5.13 


3.75 


3.01 


3.90 


2.74 


5898.32 


11200 


5.40 


3.26 


2.60 


3.40 


3.42 


5901.33 


10700 


5.60 


2.92 


2.29 


3.05 


4.23 


5903.86 


10400 


5.82 


2.82 


2.20 


2.95 


3.36 


5907.41 


9800 


6.11 


2.45 


1.88 


2.59 


8.91 


5909.74 


9400 


6.38 


2.27 


1.71 


2.41 


7.24 


5913.12 


8600 


7.38 


2.13 


1.50 


2.25 


12.88 


5917.04 


7600 


9.11 


1.97 


1.23 


2.08 


20.37 


5920.25 


7100 


10.11 


1.85 


1.06 


1.94 


25.87 


5922.65 


6700 


11.22 


1.81 


0.94 


1.87 


27.09 


5930.27 


5900 


13.59 


1.59 


0.65 


1.62 


27.72 


5939.57 


5100 


18.09 


1.58 


0.46 


1.58 


29.41 


5944.19 


4700 


21.77 


1.65 


0.38 


1.64 


23.15 


5950.74 


4300 


25.23 


1.55 


0.27 


1.54 


22.78 
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Table 5. Blueshifted*^ Line Measurements for SN 2011ht'^ 



Spectral Emission Absorption 



Line 


(kms-i) 


(kms-l) 


Ha 


261 


778 


H/3 


211 


747 


H7 


194 


706 


H(5 


157 


676 


He 


96 


670 


HC 


129 


646 


Ht? 




646 


He I 






7065 


218 




6678 


145 


558 


5876 


148 


603 


5015 


106 


519 


4922 


81 


502 


4471 


217 


563 


4026 




609 


3819 




606 


I 






7774 




618 


Ca n K 




643 



''Relative to the heliocentric velocity 
of the galaxy. 

''These values correspond to the 
MODSl spectrum in Figure [S] 



